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(57) ABSTRACT 

In a temperature control device Which maintains an object to 
be controlled at a preset constant temperature and an arrayed 
Waveguide grating optical Wavelength multipleXer/demulti 
pleXer, the adverse effect of the junction temperature of the 
semiconductor control element is eliminated for the purpose 
of simplifying the overall structure and improving operation 
ef?ciency suf?ciently Without any trouble. 

The object 10 to be controlled, Which is an arrayed 
Waveguide grating optical Wavelength multipleXing/demul 
tipleXing element, is ?xed on the soaking plate 2 Which is 
made from a good heat conductive material. The semicon 
ductor control element 3 With a control terminal Which 
functions as a heat generator by using its-junction tempera 
ture and a temperature sensor 5 are ?xed on the soaking plate 
2. A negative feedback control is applied to the conduction 
condition of the semiconductor control element 3 in accor 
dance With the error signal s3 Which indicates the difference 
betWeen the present temperature signal s2 obtained from the 
temperature detection signal s4 transmitted from the tem 
perature sensor 5 and the preset target temperature signal s1. 
Consequently, the junction temperature of the semiconduc 
tor control element 3 is effectively used as a heating source 
not as a loss, thereby reducing the poWer consumption and 
stabilizing the performance. 
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Fig.1 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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Fig. 6 
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Fig. 7 
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TEMPERATURE CONTROLLER AND ARRAY 
WAVEGUIDE LATTICE TYPE OPTICAL 

WAVELENGTH MULTIPLEXER/DEMULTIPLEXER 

TECHNICAL FIELD 

[0001] The present invention relates to a temperature 
control device Which maintains an object to be controlled 
such as an arrayed Waveguide grating optical Wavelength 
multiplexing/demultiplexing element at a preset constant 
temperature With high precision, and also relates to an 
arrayed Waveguide grating optical Wavelength multiplexer/ 
demultiplexer using this temperature control device. 

BACKGROUND ART 

[0002] The conventional structure of temperature control 
devices for maintaining an object to be controlled, such as 
an arrayed Waveguide grating optical Wavelength multiplex 
ing/demultiplexing element at a preset constant temperature 
are generally composed of a soaking part 1 and a control part 
6 as shoWn in FIG. 6 and FIG. 7. 

[0003] The soaking part 1 includes a soaking plate 2 Which 
is made from a good heat conductive material, a heater 40 
Which is embedded in the soaking plate 2, an object 10 to be 
controlled Which is ?xed on the soaking plate 2, and a 
temperature sensor 5 Which is also ?xed on the soaking plate 
2 in such a manner as to be adjacent to the object 10 to be 
controlled. 

[0004] The control part 6 makes a present temperature 
signal 52 Which has been outputted from a temperature 
detection circuit 7 in accordance With a temperature detec 
tion signal s4 Which has been transmitted from the tempera 
ture sensor 5 be compared With a target temperature signal 
s1 Which has been outputted from a temperature setting 
circuit 8 that presets a heating target temperature by a 
comparator 9 or a control terminal circuit of a semiconduc 
tor control element 30 connected in series With the heater 40. 
Then, an error signal s3 Which indicates the comparison 
result of the comparator 9 is inputted as a control signal to 
the control terminal of the semiconductor control element 
30. 

[0005] Thus, the conventional structure is based on a 
negative feedback control Where the heater 40 is the only 
heat source, the temperature information from the tempera 
ture sensor 5 that is thermally coupled to the heater 40 is 
processed in the control part 6, and the current to be supplied 
to the heater 40 is controlled by the semiconductor control 
element 30 of the control part 6, thereby driving the heater 
40 and maintaining the soaking plate 2 and the object 10 to 
be controlled at a constant temperature (See the description 
of the prior art in Japanese Unexamined Patent Application 
No. 9-306638, for example). 

[0006] HoWever, in the aforementioned prior art device, 
the semiconductor control element 30, Which directly con 
trols the current to be supplied to the heater 40, inevitably 
generates a high junction temperature. The heat generation 
demands that the semiconductor control element 30 includes 
a component for ef?ciently radiating its junction tempera 
ture. This causes the problem of making the structure of the 
control part 6 of the temperature control device complex, 
and as another problem the miniaturiZation of the arrayed 
Waveguide grating optical Wavelength multiplexer/demulti 
plexer using this temperature control device is substantially 
limited. 
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[0007] As a further additional problem, part of the electric 
poWer from the poWer supply to drive the heater 40 is Wasted 
as the junction temperature of the semiconductor control 
element 30 and this loss in the semiconductor control 
element 30 becomes ineffective, thereby deteriorating the 
ef?ciency of the overall temperature control device. 

[0008] The heat resistance value (temperature rise per 1 
W) of the semiconductor control element 30 corresponds to 
the junction temperature, the case temperature of the arrayed 
Waveguide grating optical Wavelength multiplexer/demulti 
plexer and the atmospheric temperature. BetWeen the case 
temperature and the atmospheric temperature, the heat resis 
tance value corresponds to a heat sink (radiating means). As 
a further additional problem, the heat resistance value Will 
be raised by the miniaturiZation of the temperature control 
device, Whereby it becomes impossible to further improve 
the reliability of the temperature control device. 

[0009] The present invention, Which has been contrived to 
solve the aforementioned problems in the prior art device, 
has the technical challenge of eliminating the adverse effect 
of the junction temperature of the semiconductor control 
element in a temperature control device Which maintains an 
object to be controlled at a preset constant temperature and 
in an arrayed Waveguide grating optical Wavelength multi 
plexer/demultiplexer using this temperature control device. 
And the present invention has the object of simplifying the 
structure of each of the temperature control device and the 
arrayed Waveguide grating optical Wavelength multiplexer/ 
demultiplexer, and of improving operation efficiency suf? 
ciently Without any trouble. 

DISCLOSURE OF THE INVENTION 

[0010] According to the present invention Which solves 
the aforementioned technical problems, the invention 
described in claim 1 is characteriZed in that: the temperature 
control device maintains an object to be controlled such as 
an arrayed Waveguide grating optical Wavelength multiplex 
ing/demultiplexing element at a preset constant temperature; 

[0011] this temperature control device comprises a soak 
ing part and a control part; 

[0012] the soaking part includes: a soaking plate Which is 
made from a good heat conductive material such as a metal, 
and Which heats the object to be controlled that is in a ?xed 
condition; a semiconductor control element With a control 
terminal Which is ?xed on the soaking plate and Which 
functions as a heat generator; and a temperature sensor 
Which is ?xed on the soaking plate in such a manner as to 
be adjacent to the object to be controlled; 

[0013] the control part includes: a temperature setting 
circuit Which sets a heating target temperature; a tempera 
ture detection circuit Which detects a present temperature in 
accordance With a temperature detection signal s4 transmit 
ted from the temperature sensor of the soaking part; and a 
comparator Which is a control terminal circuit of the semi 
conductor control element and Which compares a target 
temperature signal s1 transmitted from the temperature 
setting circuit With a present temperature signal s2 trans 
mitted from the temperature detection circuit and outputs the 
difference as an error signal s3. 

[0014] In the invention of claim 1, in the soaking part, 
electric poWer is supplied to the semiconductor control 
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element to cause heat generation, Whereby the soaking plate 
is heated and then the object to be controlled is heated. The 
temperature to heat up the object to be controlled is con 
stantly measured by the temperature sensor, and the mea 
surement result is transmitted as a measurement signal s4 to 
the control part. 

[0015] In the control part, the temperature detection signal 
s4 is inputted to the temperature detection circuit to generate 
a present temperature signal s2 Which is compared by the 
comparator With a target temperature signal s1 Which has 
been generated in the temperature setting circuit in accor 
dance With the preset heating target temperature, and the 
difference betWeen these signals is inputted as an error signal 
s3 to the control terminal of the semiconductor control 
element. 

[0016] The semiconductor control element With the con 
trol terminal controls poWer consumption in accordance 
With the error signal s3, so the smaller the error signal s3, 
that is, the smaller the difference betWeen the value of the 
target temperature signal s1 and the value of the present 
temperature signal s2, the smaller the poWer consumption. 
The object to be controlled is heated up to the target 
temperature and kept at the target constant temperature. 

[0017] Since the semiconductor control element Which 
directly controls the electric poWer for heat generation of the 
soaking part is used as the heat source of the soaking part, 
the soaking plate functions as the radiator plate of the 
semiconductor control element, making it unnecessary to 
provide the semiconductor control element With a radiating 
component of its oWn use. 

[0018] The semiconductor control element controls elec 
tric poWer required for heat generation of its oWn, resulting 
in directly controlling all the electric poWer required for heat 
generation of the soaking part. This enables the soaking part 
to obtain efficient heating action and the electric poWer to 
have a loW voltage because the semiconductor control 
element is the only load of the electric poWer required for 
heating. 

[0019] The semiconductor control element can set its 
junction temperature loWer than the temperature at the time 
of controlling the current to be supplied to the conventional 
heater and nearly the same as the preset temperature of the 
soaking part. This setting can prevent in?uence of the 
ambient temperature, thereby improving the reliability. 

[0020] In other Words, the failure rate (the number of FIT) 
of the semiconductor control element depends on the junc 
tion temperature, Which can be set loW so as to make the 
semiconductor control element more reliable. 

[0021] Because the heat resistance value of the semicon 
ductor control element corresponds to the junction tempera 
ture and the case temperature, the heat resistance value 
becomes equal betWeen the case temperature and the atmo 
spheric temperature. This is equivalent to the condition 
Where a radiator of in?nite siZe is installed, thereby decreas 
ing the junction temperature and improving the reliability. 

[0022] The control part, Which is not provided With a 
heat-generating semiconductor control element, does not 
have to include a radiation means or a thermal protection 
means. This can reduce the siZe and Weight of the device and 
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simplify the structure, thereby facilitating usability and 
greatly reducing the restraints regarding installation. 

[0023] The invention of claim 2 is the temperature control 
device of claim 1 further comprising a heater Which is 
connected in series With the semiconductor control element. 

[0024] In the invention of claim 2, the soaking part has 
tWo heat-generating sources: the semiconductor control ele 
ment and the heater Whose operation is controlled by the 
semiconductor control element. This structure provides a 
suf?ciently high heating capability for the object to be 
controlled. 

[0025] The invention of claim 3 is the temperature control 
device of claim 1 or 2 Where the semiconductor control 
element is a transistor. 

[0026] In the invention of claim 3, as the poWer supply of 
this kind of temperature control device, it is common to use 
a DC constant-voltage poWer supply. Therefore, electric 
current control is suitable as the control of heat generation, 
that is, the control of electric poWer to be supplied. Thus, a 
transistor capable of obtaining a high current gain can be 
used as the semiconductor control element to achieve ef? 
cient temperature control. 

[0027] The invention of claim 4 is characteriZed in that: an 
arrayed Waveguide grating optical Wavelength multipleXer/ 
demultipleXer comprises: an object to be controlled Which is 
an arrayed Waveguide grating optical Wavelength multiplex 
ing/demultiplexing element; and a temperature control 
device Which maintains the object to be controlled at a preset 
constant temperature; 

[0028] the temperature control device is composed of a 
soaking part and a control part; 

[0029] the soaking part of the temperature control device 
includes: a soaking plate Which is made from a good heat 
conductive material such as a metal and Which heats the 
object to be controlled that is in a ?xed condition; a 
semiconductor control element With a control terminal 
Which is ?xed on the soaking plate and Which functions as 
a heat generator; and a temperature sensor Which is ?Xed on 
the soaking plate in such a manner as to be adjacent to the 
object to be controlled; 

[0030] the control part of the temperature control device 
includes: a temperature setting circuit Which sets a heating 
target temperature; a temperature detection circuit Which 
detects a present temperature in accordance With a tempera 
ture detection signal s4 transmitted from the temperature 
sensor of the soaking part; and a comparator Which is a 
control terminal circuit of the semiconductor control ele 
ment and Which compares a target temperature signal s1 
transmitted from the temperature setting circuit With a 
present temperature signal s2 transmitted from a temperature 
measurement circuit and outputs the difference as an error 
signal s3. 

[0031] In the invention of claim 4, the temperature control 
device accurately and stably performs the heating tempera 
ture control for the object to be controlled Without being 
affected by the ambient temperature, Whereby the Wave 
length of the output Wave in each output Waveguide can be 
kept accurately to the set value. 

[0032] Since the poWer consumption of the temperature 
control device can be lessened, the poWer consumption in 
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the overall arrayed Waveguide grating optical Wavelength 
multiplexer/demultiplexer can also be reduced. 

[0033] The loWered voltage of the poWer supply of the 
temperature control device and the heightened reliability of 
the semiconductor control element provide the temperature 
control device With a longer life. 

[0034] The simpli?ed and miniaturiZed structure of the 
temperature control device leads to easy doWnsiZing of the 
overall structure of the arrayed Waveguide grating optical 
Wavelength multiplexer/demultiplexer, resulting in easier 
handling and installation of the device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] FIG. 1 is an overall external perspective vieW of 
the ?rst example of the present invention. 

[0036] FIG. 2 is a side vieW of the example shoWn in FIG. 
1. 

[0037] FIG. 3 is a block diagram shoWing the circuit 
con?guration of the ?rst example shoWn in FIG. 1. 

[0038] FIG. 4 is an overall external perspective vieW of 
the second example of the present invention. 

[0039] FIG. 5 is a block diagram shoWing the circuit 
con?guration of the second example shoWn in FIG. 4. 

[0040] FIG. 6 is an external perspective vieW shoWing the 
structure of the prior art device. 

[0041] FIG. 7 is a block diagram shoWing the circuit 
con?guration of the prior art device shoWn in FIG. 6. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0042] The examples of the arrayed Waveguide grating 
optical Wavelength multiplexer/demultiplexer of the present 
invention Will be described as folloWs, With reference to the 
draWings. 
[0043] FIG. 1 to FIG. 3 shoW the ?rst example of the 
invention. As shoWn in FIG. 1 and FIG. 2, the soaking part 
1 of the temperature control device T includes a soaking 
plate 2 Which is made from a good heat conductive material 
such as a metal like aluminum or copper or a sintered metal 

(ceramic) and Which is shaped into a ?at plate; and an object 
10 to be controlled Which is an arrayed Waveguide grating 
optical Wavelength multiplexing/demultiplexing element 
that must be kept at a constant temperature because its 
characteristics change With temperature. The object 10 to be 
controlled is ?xed on the top surface of soaking plate 2 in 
such a manner as to have as large a contact area as possible, 

and a temperature sensor 5 is ?xed on the top surface of 
soaking plate 2 so as to be adjacent to the object 10 to be 
controlled. In addition, a transistor (poWer transistor) Which 
is a semiconductor control element 3 With a control terminal 
is ?xed on a site (See FIG. 2) on the bottom surface of the 
soaking plate 2 that is opposite to the object 10 to be 
controlled, and an integrated circuited control part 6 is also 
?xed on the bottom surface of the soaking plate 2. 

[0044] The control part 6 of the temperature control device 
T includes a temperature detection circuit 7 Which inputs a 
temperature detection signal s4 that is a temperature signal 
transmitted from the temperature sensor 5 and outputs a 
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present temperature signal s2 that has the siZe corresponding 
to the temperature detection signal s4; a temperature setting 
circuit 8 Which previously sets a constant temperature value 
at Which to maintain the object 10 to be controlled and Which 
outputs a target temperature signal s1 having the constant 
siZe in accordance With this constant temperature value; and 
a comparator 9 Which inputs the target temperature signal s1 
and the present temperature signal s2 concurrently and 
outputs the difference betWeen these signals as an error 
signal s3, and Which also functions as the control terminal 
circuit of the semiconductor control element 3. 

[0045] Thus, the control part 6, Which substantially com 
poses the control terminal circuit of the semiconductor 
control element 3 as a Whole, can be operated With small 
electric poWer and therefore very easily IC-compatible a 
Whole. 

[0046] Since the semiconductor control element 3 is ?xed 
as a heating source on the soaking plate 2, the soaking plate 
2 functions to radiate the semiconductor control element 3. 
Consequently, the semiconductor control element 3 does not 
have a radiating component of its oWn. 

[0047] FIG. 4 and FIG. 5 shoW the second example of the 
arrayed Waveguide grating optical Wavelength multiplexer/ 
demultiplexer of the present invention, Where a heater 4 
Which is connected in series With the semiconductor control 
element 3 is embedded in the soaking plate 2 in the soaking 
part 1 of the temperature control device T of the ?rst 
example. The control part 6 of the temperature control 
device T in the second example has the same structure as the 
control part 6 in the ?rst example. 

[0048] The heater 4 in the second example, Which facili 
tates the heating of the soaking plate 2 by the semiconductor 
control element 3, has a much smaller rating than the 
conventional heater 40. As shoWn in FIG. 4 the heater 4 is 
preferably installed so as to enclose the region heated by the 
semiconductor control element 3. 

EFFECTS OF THE INVENTION 

[0049] The present invention With the aforementioned 
structure offers the folloWing effects. 

[0050] In the invention of claim 1, the junction tempera 
ture of the semiconductor control element Which controls the 
electric poWer for heat generation of the soaking part is used 
as the heat source of the soaking part. This structure enables 
electric poWer as the heat source to have a small load so as 

to decrease the poWer consumption, thereby realiZing a loW 
voltage. As a result, the soaking part can perform ef?cient 
heating operation. 

[0051] Furthermore, since the soaking plate functions to 
radiate the semiconductor control element, the structure of 
the semiconductor control element is simpli?ed. In addition, 
the target temperature demanded of the soaking part is much 
smaller than the junction temperature of the prior art semi 
conductor control element, so the semiconductor control 
device can be operated With a loW junction temperature. This 
structure improves the reliability of the semiconductor con 
trol element and realiZes safe and stable operations. 

[0052] Since the control part does not include any com 
ponent Which generates as much heat as must be radiated, it 
is easy to reduce its overall siZe and Weight sufficiently. This 
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structure enables the control part to be handled easily, and 
the restraints regarding its installing location are almost 
eliminated. In some cases, the control part can be integrated 
With the soaking part, thereby becoming More easily IC 
compatible. 
[0053] In the invention of claim 2, the heater connected in 
series With the semiconductor control element is used to 
facilitate the semiconductor control element Which is a heat 
generator. This structure can provide suf?ciently high heat 
ing capability and consequently rapid heating control. 

[0054] In the invention of claim 3, in the temperature 
control device using a DC constant-voltage poWer supply, 
the control of current can achieve the control of heat 
generation in the state of obtaining a high current gain, 
thereby offering an efficient and stable temperature control. 

[0055] In the invention of claim 4, the Wavelength of the 
output Wave in each output Waveguide can be accurately 
kept at the set value, Which enables accurate demultiplexing 
characteristics to be kept in a stable manner, and high safety 
to be obtained from loW poWer consumption. 

1. A temperature control device for maintaining an 
object (10) to be controlled such as an arrayed Waveguide 
grating optical Wavelength multiplexing/demultiplexing ele 
ment at a preset constant temperature, said temperature 
control device (T) comprising: a soaking part (1); and a 
control part (6), said soaking part (1) including: a soaking 
plate (2) Which is made from a good heat conductive 
material such as a metal, and Which heats said object (10) to 
be controlled that is in a ?xed condition; a semiconductor 
control element (3) With a control terminal Which is ?xed on 
said soaking plate (2) and Which functions as a heat gen 
erator; and a temperature sensor (5) Which is ?xed on said 
soaking plate (2) in such a manner as to be adjacent to said 
object (10) to be controlled, and said control part (6) 
including: a temperature setting circuit (8) Which sets a 
heating target temperature; a temperature detection circuit 
(7) Which detects a present temperature in accordance With 
a temperature detection signal (s4) transmitted from said 
temperature sensor (5); and a comparator (9) Which is a 
control terminal circuit of said semiconductor control ele 
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ment (3) and Which compares a target temperature signal 
(s1) transmitted from said temperature setting circuit (8) 
With a present temperature signal (s2) transmitted from said 
temperature measurement circuit (7) and outputs the differ 
ence as an error signal 

2. The temperature control device of claim 1 further 
comprising a heater (4) Which is connected in series With 
said semiconductor control element 

3. The temperature control device of claim 1 or 2, claim 
1, Wherein said semiconductor control element (3) is a 
transistor. 

4. An arrayed Waveguide grating optical Wavelength mul 
tiplexer/demultiplexer comprising: an object (10) to be 
controlled Which is an arrayed Waveguide grating optical 
Wavelength multiplexing/demultiplexing element; and a 
temperature control device (T) Which maintains the object 
(10) to be controlled at a preset constant temperature, said 
temperature control device (T) being composed of a soaking 
part (1) and a control part (6), said soaking part (1) includ 
ing: a soaking plate (2) Which is made from a good heat 
conductive material such as a metal and Which heats said 
object (10) to be controlled that is in a ?xed condition; a 
semiconductor control element (3) With a control terminal 
Which is ?xed on said soaking plate (2) and Which functions 
as a heat generator; and a temperature sensor (5) Which is 
?xed on said soaking plate (2) in such a manner as to be 
adjacent to said object (10) to be controlled, and said control 
part (6) including: a temperature setting circuit (8) Which 
sets a heating target temperature; a temperature detection 
circuit (7) Which detects a present temperature in accordance 
With a temperature detection signal (s4) transmitted from 
said temperature sensor (5); and a comparator (9) Which is 
a control terminal circuit of said semiconductor control 
element (3) and Which compares a target temperature signal 
(s1) transmitted from said temperature setting circuit (8) 
With a present temperature signal (s2) transmitted from said 
temperature measurement circuit (7) and outputs the differ 
ence as an error signal 

5. The temperature control device of claim 2, Wherein said 
semiconductor control element is a transistor. 


